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Outline

*Introduction

- Why baryon asymmetry in high energy collisions is a puzzle?
* Photonuclear processes and measurements from STAR

- What is offered by inclusive photonuclear interactions ?

* Opportunities with RHIC and STAR upgrade
- Why extended pseudorapidity and PID capability of STAR is the best choice ?

- What more: Di-hadron correlations, collectivity in photon-induced processes
- How do understand that microscopic origin of collectivity ?

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022



Introduction: baryon asymmetry in high energy collision

P. Tribedy, CENS workshop on target fragmentation, Feb 10, 2022



Baryon asymmetry in the central rapidity region

Nicole Lewis, BNL NP seminar
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No ab initio theory to explain baryon
stopping in hadronic interactions
Also, why the distribution follows an

exponential distribution

Kharzeey, Phys. Lett. B, 378 (1996) 238-246

Soft partons,
baryon number

Valence
quarks

teoll ~ (zyP)™1 = (1/3 x 100)~! GeV~! = 0.006 fm

ting ~ O(1) fm  The time available for valence
quark is too short to be stopped



What carries the baryon number ?

Conventional picture

O

®© O

The conventional picture of baryon
assumes baryon number is carried
by three individual quarks — this is
however an assumption

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022

D. Kharzeev * ©

Kharzeev, Phys. Lett. B, 378 (1996) 238-246

Physics Letters B

/olume 378, Issues 1-4, 20 June 1996, Pages 238-246

Baryon junction picture

Can gluons trace baryon number? %

=
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The gauge invariant configuration of the baryon wave function
describes it has a string-junction made of gluons. If this junction
carries baryon number they can be easily stopped in collisions

zy <L Ty ((xsP)~!1 > (zvP)™1)



How a junction can be stopped?
Kharzeev, Phys. Lett. B, 378 (1996) 238-246
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A string-junction from a target can be stopped by the soft parton
field of the projectile, the cross section will drop exponentially with
the rapidity loss (y-Ybeam), pions will fill the gap between y and Ypeam
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This can provide a natural explanation of baryon asymmetry at (y=0)

Exponential rapidity
projectile (~ exp(af(y — Yoeam)) dependence cannot be

x (exp[y” (ap(0) — ag(0))]
+exp[—y*(ap(0) —“(J)(O))])t .
target (N exp(_a.OI (y _ Ybea.m)) seen in p+p/A+A due to

this compensation



Baryon free projectile

Kharzeev, Phys. Lett. B, 378 (1996) 238-246
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P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022

projectile (~ I( beam) )

target (~ exp(—ag (y — Yoeam))

In photon-induced
processes we should
be able to see
exponential rapidity
dependence



Connections to other recent work: baryon-VM swap

Spencer Klein, POETIC, Sept 2019 J.M. Laget, Phys. Rev. C 104, 025202 (2021)
Ayerbe Gayoso et al., Eur.Phys.J.A 57 (2021) 12, 342 [arXiv: 2107.06748] [arXiv:2104.13078]

Y

Rapidity distributions for UPCs and an EIC

Model as forward production, except:

+ In yp CM frame, swap ® and p rapidities
Photon is soft
o is in far-forward region (near beam rapidity)

Proton is at mid-rapidity

In a purely hadronic interaction picture the exchange of the
baryonic quantum number. A baryon is found at mid-rapidity
whereas a vector meson is found near target fragmentation.

See the recent measurements:
W.B. Li et al. (Jefferson Lab Fr Collaboration)
Phys. Rev. Lett. 123, 182501

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022



Connections to other recent work: baryon-VM swap
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Ayerbe Gayoso et al., Eur.Phys.J.A 57 (2021) 12, 342 [arXiv: 2107.06748] [arXiv:2104.13078]

Y

Rapidity distributions for UPCs and an EIC

Model as forward production, except:

+ In yp CM frame, swap ® and p rapidities
Photon is soft
o is in far-forward region (near beam rapidity)

Proton is at mid-rapidity

In a purely hadronic interaction picture the exchange of the
baryonic quantum number. A baryon is found at mid-
rapidity whereas a vector meson is found near target
fragmentation

Connections to the microscopic picture of baryon junction?

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022



What does Pythia predict ?

RHIC photonuclear kinematics Possible EIC DIS kinematics

PYTHIA 6.4 ] . __PYTHIA6.5
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PYTHIA produces much steeper slope for net-proton that is incompatible with global data on
baryon stopping in A+A or what is predicted by baryon junction picture




Photonuclear processes at RHIC and LHC

P. Tribedy, CENS workshop on target fragmentation, Feb 10, 2022
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Photonuclear processes at the LHC

— ATLAS collect y+Pb collisions by
@ ATLAS === triggering on ultra-peripheral Pb+Pb
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Nucleus intact
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e oy ATLAS Collaboration, Phys. Rev. C 104, 014903 (2021) [2101.10771]
Q’~ (hc/RA)2 —0, Y- (p, LHC)=6.51€3, ATLAS collaboration performed this pioneering
Ey (LHC) ~ Y- (hc/R,) ~71 GeV measurements of collectivity in y+Pb collisions

Wypp (LHC) ~ 844 GeV, dNu/dn (HM) > 10 CMS has performed the same in y+p collisions

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022 12



Inclusive photonuclear processes at RHIC

. Inclusive DIS at HERA/EIC Inclusive UPC at the LHC/RHIC

Approximate RHIC y+p/Au kinematics:

Gold ion: A ~ 197, R4 ~ 1.2 (A)'/3 fm
hic/Ra ~ 0.03GeV

Q* = (hic/R4)? ~ 0.001 (GeV/c)> = 0
o (he/Ra), Wy N ~ -

Yoo (Au, RHIC) = 27 — 100

/ Lorx

L“‘ ([\) ”](‘) '\i ,; (;(\\v

W, n(RHIC) ~ 10 — 40 GeV

x ~ (Pr/W, x)?:0.001 <z < 0.01

(For Pr ~ 1 GeV/c & rapidity y = 0)

EA) ~ ’)’Loren

e+p/A DIS (Q?>1 GeV?), most events have Q°—0, called photoproduction processes
Until the EIC is built ultra-peripheral p/A+A collisions — opportunity to study photoproduction

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022 13



|dentifying photonuclear events with the STAR detector

Inclusive UPC at RHIC STAR Detector State & coverage (n)
ZDCE (1n)

~
N\
\

TS \
P ;" L Ny BBC (3.8<Ini<5.1) \ (Gap)
% g ! |
ZDC 1Y) 4 v g
(6.3<Inl) :
X0 L on / FCS (2.5<n<4) L. (Activity)
< e | }

P
(Activity)

ZDCW (Xn)

Events like these are eliminated by coincidence triggers, threshold, vetoing and not saved during
run, only datasets on tape: 2017 Au+Au 54 GeV (477 pb') and 2019 Au+Au 200 GeV (80 pb).
Recently taken 2021 d+Au data and future 2023 Au+Au data provide unique opportunities.
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eAu and ep Monte Carlo simulations

PYTHIA 6.5
. ep 10x27 GeV. Yp—=>X |
- Q°<0.01 GeV?, E;<2 GeV pr>0.2GeVic

g .
: T

- - ap(1+a4 x)(a;=0.65 = 0.02)

. eAu 10x27 GeV yAu—>X |
. @Q%<0.01GeV? E<2GeV pr>0.2GeVic |
P o—— o :

| — ap(1+a; x)(2;=0.5 = 0.04)

Monte Carlo simulations for e+p/Au indicates which detectors should be active

e+p with PYTHIA
Ee =10 GeV, Ep/au= 27 and 100 GeV, E,<2 GeV, 0.001<Q?<0.01 GeV?

Au+Au with UrQMD with RHIC-ZDC ToyMC
Js= 54 GeV, 0<b<15 fm, tuned to STAR TPC vs ZDC correlation

15



ZDC single neutron peak

Nicole Lewis for the STAR collaboration, DNP 2021

STAR Au+Au 54.4 GeV STAR Au+Au 54.4 GeV

| | i |

100 I12OI I I140I I I160l l I180| I 0 = I = I80I I I100 I120 160 180 200
ZDC East ZDC West

Primary selection based on 1nXn cut on ZDCs, the 1n cut on the photon emitting nucleus in
the ZDC reduce beam-gas, FXT events




Background from Au+Au events
Typical response of RHIC-ZDCs

UrQMD (RHIC-ZDC Sampled ToyMC) 108 UrQMD (RHIC-ZDC Sampled ToyMC) 10t
Au+Au Vsy= 54 GeV 0<b<15fm Au+Au Vsyy= 54 GeV 0<b<15fm

pr>0.2GeV/c . pr > 0.2 GeV/c
10

After applying y+A like trigger

ZDC ADC (West)
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Hadronic events with asymmetry in neutrons and ZDCs are background
(Deformed nuclei, fluctuations of nucleon and clustering of fragment)

Spectator & n-asymmetry are anti-correlated in hadronic events while the opposite is expected for y+A
(easily identifiable by measuring the slope of dN/dn)
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Study of abort gaps and vertex mismatch

Nicole Lewis for the STAR collaboration, DNP 2021 Nucl.Instrum.Meth.A 759 (2014) 23-28, [arXiv:1403.6855]

Au+Au 200 GeV, Run-10

STAR Au+Au 54.4 GeV

15-10 -5 0 5 10 15
AZ (cm)

40 60 80
Crossing Number

18 out of 120 bunch crossings have only The forward Vertex Position detector (VPDs)
one beam, they are studied to estimate are used in y+A events to force mismatch of
contribution from beam-gas/material (~3%) vertex from STAR tracking using TPC & timing

using VPDs (IAZl >10 cm)
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Charged hadron multiplicity distribution and n asymmetry in y+Au

Nicole Lewis for the STAR collaboration, DNP 2021
STAR Preliminary Au+Au 54.4 GeV

— Peripheral Events: 60-80%

STAR Preliminary Au+Au 54.4 GeV

—— East-Going Photon
— East-Going Photon Events —_— West-Going Photon

— West-Going Photon Events

=)
T
(=3
Z
)
=
=
Z
°

20 30
NG (1n|<0.5)
Our triggered Photonuclear (y+Au rich Charged hadron distributions show rapidity
events) sample have multiplicities close to asymmetry in TPCs

80-100% peripheral Au+Au events
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particle/anti-particle ratio in y+Au-rich events compared to Au+Au

Nicole Lewis for the STAR collaboration, DNP 2021

STAR preliminary measurements
available for the double ratio of
spectra in y+Au over Au+Au

STAR Preliminary
Au+Au sy = 54.4 GeV (y+Au-rich), n|<1.0
Statistical Uncertainty Only

(to minimize the effects of efficiency)

Excess soft proton over antiproton at mid-
rapidity for pT = 1 GeV/c in y+Au-rich
events compared to Au+Au events

(/) oau /(T ) aus A 60-80%
© (K/K")y,au ! (KIK) a4 Au 60-80%
= (P/P)ysau’ (PP)Au+A 60-80%

Excess disappears at high pt and for pions : 08 1 12 14 16 18 2
pt (GeV/c)

and kaons




Comparison to PYTHIA

Nicole Lewis for the STAR collaboration, DNP 2021

Yy PYTHIA 6.4
STAR Preliminary

Au+Au Vs = 54.4 GeV (y+Au-rich), n|<1.0
Statistical Uncertainty Only

ep 10x27 GeV vy p — X
Q%< 0.01 GeV? Inl<1.0

15| E,<2GeV

(x/ ™) yeAu/ (/ ") AusAu 60-80%
< (K/K")y,Au /(K7 K™) AusAu 60-80%
B (P/P)ysau/ (PP Au+Au 60-80%

02 04 06 08 1 12 14 16 18 2
pt (GeV/c)

PYTHIAG6 y*+p simulation predicts pion, kaon, and proton ratios to be consistent with unity within
uncertainty
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Comparison to PYTHIA ep/pp

Nicole Lewis for the STAR collaboration, DNP 2021

PYTHIA 6.4
ep 10x27 GeV (yp — X)  P+P Vsyy =54 GeV
Q%< 0.01 GeV? Iml< 1.0
EY <2 GeV
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PYTHIAG6 y*+p simulation predicts pion, kaon, and proton ratios to be consistent with unity within
uncertainty, scaling by p+p does not produce the trend
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What happens to the rapidity dependence of baryons

PYTHIA 6.4
- ep 10x27 GeV y'p—X
[ @°<0.01 (GeVic)?, E<2 GeV 0.4 <pr<1.2GeVic,

:Net-p —— Net-K Net-n —— =
3 ——//x
*

STAR measurements in ol =
y+Au-rich events are R +

coming soon
- @214 (¥-Ybeam)
_ eO.S (y'Ybeam)

25 2 15 -1 -05 O
y'Ybeam

Rapidity dependence of net-baryon in y+Au events would be interesting, baryon junction
predicts exponential dependence at low pr




Opportunities at the EIC

Zhangbu Xu, BES-Tea Seminar
ECCE

PYTHIA e(18) + p(275)

K/p 3o separation
mRICH P P

(aerogel) I

p (GeV/c)

PYTHIA 6.5
ep 10x100 GeV v'p = X
1< Q%< 10 GeV? 0.4<pr<1.2GeVic
10%<x <0.01 R

g
S
[
S
Q

. 6231 -Yoeam) - - -
e0.5 (Y-Ybeam)  ——

All three detector proposals have low p PID capable detectors such as TOF: exciting opportunity
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What else: di-hadron correlations, CGC & collectivity

P. Tribedy, CENS workshop on target fragmentation, Feb 10, 2022
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Forward di-hadron correlations in p+A from STAR

Kinematics probe
gluons inside nuclei
at small-x

p+p > p+Al > p+Au

Forward Meson Spectrometer

Width of C(Ag) :

Trigger hadron p+p ~ p+A| ~ p+AU
Pedestal:
Ad p+p ~ p+Al ~ p+Au

Associated hadron

Albacete et al., Phys. Rev. D 99, 014002

_ Npair(A¢)
C(Ad)) B Ntrig X A¢
Area of C(A®) :

Relative area

VSyn = 200 GeV, NN — %X
8 ptT”g=2-2.5 GeVl/e, p:55°=1 -1.5 GeV/c

26<n<4

STAR sy, =200 GeV, NN — 7’n®X
26<n<4, a0 €%, 3

p‘T”9=1 5-2 GeVlc

p:55°=1 -1.5 GeV/ic

P=-0.09 = 0.01

Suppression of back-to-back i’ pairs in p+A relative to p+p follow ~A'3 dependence

—> consistent with expectations from gluon saturation

STAR

STAR Collaboration, arXiv:2111.10396
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di-hadron correlations and collectivity due to gluon saturation

At fundamental levels conservation laws
determine correlation among few particles

1 6}
2
5
o + ®.

ys .

p+p (Low multiplicity)

.
L4 N

L4 .

4
‘ Local charge conservation

....... >&--mn-- R QP SR N These correlations will not fill
the full-phase space
(Seen in experiment)

4 Momentum conservation 8 (Conservation = perfect configurations)

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022 27



What is collectivity ?

At fundamental levels conservation laws
determine correlation among few particles

1 6}
2
5
o + ®.

N
’ N
L4 N
L4 [N

' .
‘ Local charge conservation

E

4 Momentum conservation 8

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022

N

1

p+p (High-Multiplicity)

O
O
<
d

o
o
o’
o
o’
oo*

5y
o
o'

/ (2
$ "":'?:’::'u
Y

XN

Violation from such
scenario is striking
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What is collectivity ?

Deviations from these perfect configurations or correlation among few
particles = Important physics at play (often non-perturbative)

p+p (High-Multiplicity) ettt
N

i ——
\ ~~§

—

o

Q

w D

o

0

[]

2

a

9]

Q

3]

=

[%2]

2

.

2

/ Z
=)

-

Non-flow
Collectivity = observation of a specific pattern or behavior that is
followed by most of its constituents in a system

Observing correlations among many must be accompanied by a large
scale deviation = interesting to study with decreasing system size

Au+Au — p+A = p+p — e(Y)+A = e(Y)+p — e+e

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022
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Origin of collectivity: initial state correlations from CGC

Quantum correlations due to Classical correlations due to
Bose enhancement / Glasma graphs local anisotropy 1/Qs

Di-Jet Graph Glasma Graph

E E

Enhanced probability to find two gluons with the Gluons hitting the same domain in
same transverse momentum. target get scatter in the same direction

@

Gelis,Lappi Venugopalan PRD 78 054020 (2008), PRD 79 094017 (2009); Dumitru, Gelis, McLerran,Venugopalan NPA810, 91 (2008); Dumitru, Jalilian-Marian PRD 81 094015 (2010);
Dusling, Venugopalan PRD 87 (2013); A. Dumitru, A.V. Giannini, Nucl.Phys.A933 (2014) 212; V. Skokov. Phys.Rev.D91 (2015) 054014; T. Lappi, B. Schenke, S. Schlichting, R.
Venugopalan, JHEP 1601 (2016) 061; Kovner, Skokov, Phys.Rev. D98 (2018) no.1, 014004

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022 30



Search for collectivity UPC collisions at the LHC

ATLAS collab., Phys. Rev. C 104, 014903 (2021)

ATLAS 1.0ub™-1.7 nb"
0.96— Pb+Pb, \15 =5.02 TeV g
2.0 < |An|<5.0
Y54 F Y™M(0)
G+FYLM ¢ HMData
Y3 °+FY™M0) y

ATLAS HM 20 < N5’ < 60
Pb+Pb, 1.0 ub™'- 1.7 nb"*
VS\w=5.02TeV,0nXn -~

Z,An>25

,, LN 4
0.6 ] \\\\\\\\\\\\\ \‘\ .

QNN
055 ,!,& \ \\\‘\\\M

\ & \\" l',‘ V‘\

% ‘\ \
*' 0.4< p: <0.7GeV ¢ Data

' ‘ 0.4< p: <2.0 GeV —— yfidee

20< p: < 3.0 GeV
04< p? <2.0 GeV

Nuig dA¢  2m
Y(Ag)temPlete(HM) = FY (Ag)(LM) + Y (Ag)"&(HM)

1 d2N air Nuco
Y(A¢,2<|An|<5) = P — <1+§ 2ax, cos( A¢)) .- .
" S Template fitting of di-

hadron correlations
Y (A¢)" 98 (HM) = G{1 + 2a3 cos(2A¢) + 2a3 cos(3A¢) + 2a4 cos(4A¢)}

High activity y+Pb events can accommodate a long-range ridge component (related to collectivity)
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Search for collectivity UPC collisions at the LHC

ATLAS collab., Phys. Rev. C 104, 014903 (2021) Shi et. al.,Phys. Rev. D 103, 054017 (2021)

Cartoon: Blair Seidlitz, 1S2021

ATLAS ; 4 Template Fit
Pb+Pb, 1.0 ub™- 1.7 nb 20<|An|<5.0

sy = 5.02 TeV, OnXn

3,An>2.5

20 < N <60

¢ Photonuclear % %
CGCcalc. *

A (nuclear target)

¥ p+Pb, N* = 60
Bpp, Ny =60

*
A*¥e & g

A% = 0.25 GeV?
EIC: eA, 18 GeV on 110 GeV

Correlated color domain
size is ~ 1/Q,

CGC calculations provide
Elliptic anisotropy is lower in y+Pb than in p+Pb an explanation based on
color domain picture.
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Past and future search for collectivity in photon induced collisions

STAR Preliminary d+Au \/s-200 GeV, Data 2016, Lin=134 nb’! (1 14 wk)

EIC EIC LHC RHIC HERA HERA [ (mi<09), a1, 0251 2 2 Gevic

—o— d+Au (High Mult) —— Template Fit

(DIS)  (PhP) (UPC) (UPC) (DIS) (PhP) o | e B qad il

? ? ” y+Au-rich projection

(ATHENA/ | (ATHENA/ (STAR o1t ;;t-14;<7Nu2<2(72 5wk
’ 0 tri
ggg;/ gggg sPHENIX) 0.5M (0.76 %), 8<Nyy<15

? ?
? ? -
(ATHENA/ | (ATHENA/ (STAR,

CORE/ | CORE/ |(ATLAS)
ECCE) ECCE) Sy

1/NgidN/dAG

-
e
N

ZDCE BeAGLE
ZDCE eAu 10x100 GeV y'Au — X

ngh StatiStiCS AU+AU (in) (1n) Q%< 0.01 GeV?, E,<2GeV pr> 0.2 GeV/c

2023 data provides an ~ Vlew) A vPDE, e ;%
excellent opportunity for (G"’ <o TPCHTPC{HHH {* A
STAR with forward  (Atviy) - Piastity o ﬂ{h
upgrades for collectivity : ] | o
search in photonuclear 1 - (ZA;tCi'vvnvw

events I (xn)




Summary

Baryon asymmetry in photonuclear events:

What carries the baryon numbers and how baryon-asymmetry is generated in central rapidity region of
ultra-relativistic collisions is a puzzle

Baryon junction hypothesis may provide a microscopic explanation

Preliminary measurements from the STAR collaboration:

particle spectra in photonuclear events using 54.4 GeV Au+Au ultraperipheral collisions
Significantly large baryon stopping observed at low pT

Rapidity dependence of baryon spectra in photonuclear events and at future EIC will be exciting

di-hadron correlations, saturation & collectivity:
Suppression of STAR forward di-hadron correlation results are consistent with gluon saturation
Gluon saturation also predicts signatures of long-range collectivity in cleaner environment of y+p/A

ATLAS measurements show exciting hint of collectivity in photonuclear events

UPC can be a doorway to study collectivity at the future EIC
Anticipated Au+Au 200 GeV run of RHIC (2023, 2025) sPHENIX & STAR with forward upgrade

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022



Thanks

P. Tribedy, CFNS workshop on target fragmentation, Feb 10, 2022
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Baryon to meson ratio in y+Au-rich events compared to Au+Au

available for the double ratio of STAR Preliminary
spectra in y+Au over Au+Au Au+AU VS = 54.4 GeV (y+Au-rich), [n/<1.0
(to minimize the effects of efficiency) : ® 0/ ) ppu ! (O T)ausAu 60-80%

© P/ T)yau/ P/ T)aushu 60-80%

(
& (K1) a0/ (K 70 purau 60-80%
(K710 )yenu ! (K7 ) AusAu 60-80%

p/m < p/t for pT = 1 GeV/c — Excess soft =
proton at mid-rapidity compared to pions
observed in y+Au compared to Au+Au

Kaon to pion ratio serves as a baseline, no
pTt dependence is observed
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Forward di-hadron correlations in p+A from STAR

Kinematics probe
gluons inside nuclei
at small-x

_ Npair(A¢)
C(Ad)) B Ntrig X A¢
Area of C(A®) :

p+p > p+Al > p+Au

Forward Meson Spectrometer

Width of C(Ag) :

Trigger hadron p+p ~ p+A| ~ p+AU
Pedestal:
Ad p+p ~ p+Al ~ p+Au

Associated hadron

Albacete et al., Phys. Rev. D 99, 014002

STAR Collaboration, arXiv:2111.10396

Relative area (pAu/pp)
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Sy = 200 GeV, NN — n%n0X STAR
26<n<4,Ap E [g,%]
p‘Trig =2.5-3 GeV/c

—rcBK, b=0

% highest E.A. % lowest E.A.

1.5
piss" [GeV/c]

Suppression of back-to-back i’ pairs in p+A relative to p+p follow ~A'3 dependence

—> consistent with expectations from gluon saturation

37



Forward di-hadron correlations in p+A from STAR

10

10

pl=1.5-2.0 GeVic
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STAR Collaboration, arXiv:2111.10396
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Forward di-hadron correlations in p+A from STAR
STAR Collaboration, arXiv:2111.10396

1.5-2.0®1.0-1.5 GeV/c
Area

pp: 0.00451=+ 0.00015

pAu: 0.00191 = 0.00025

2.0-2.5®1.0-1.5 GeV/c
Area

pp: 0.00567 + 0.00012

pAu: 0.00244 + 0.00020

2.5-3.081.0-1.5 GeV/c
Area

pp: 0.00534 + 0.00011

pAu: 0.00284 + 0.00030

3.0-5.001.0-1.5 GeV/c
Area

pp: 0.00558 = 0.00011

pAu: 0.00269 = 0.00029

2.0-2.5®1.5-2.0 GeV/c
Area

pp: 0.00103 = 0.00003

pAu: 0.00056 + 0.00007

2.5-3.001.5-2.0 GeV/c
Area

pp: 0.00091 = 0.00003

pAu: 0.00056 = 0.00009

3.0-5.001.5-2.0 GeV/c
Area

pp: 0.00109 = 0.00004

pAu: 0.00065 + 0.00010

STAR, M =200 GeV
26<n<4

o pp, MinBias
*  pAu, highest E.A.

2.5-3.002.0-2.5 GeV/c
Area

pp: 0.00018 = 0.00001

pAu: 0.00014 = 0.00003

3.0-5.002.0-2.5 GeV/c
Area

pp: 0.00023 + 0.00002

pAu: 0.00018 + 0.00004




